Objectives The purpose of this study was to estimate the proportion and number of cancer cases diagnosed in Ontario in 2012 that are attributable to alcohol consumption and to compare the impact of drinking within two sets of guidelines on alcoholattributable cancer incidence. Methods We estimated the proportion of cancers in Ontario attributable to alcohol consumption by calculating populationattributable fractions (PAFs) for six cancer types using drinking prevalence from the 2000/2001 Canadian Community Health Survey and relative risks from a meta-analysis. Each PAF was multiplied by the number of incident cancers in 2012, allowing for a 12-year latency period, to calculate the number of alcohol-attributable cases. We also estimated the number of alcoholattributable cases under two scenarios: (1) assuming consumption had not exceeded the levels recommended by the Low-Risk Alcohol Drinking Guidelines (LRADG) and (2) 
Introduction
The International Agency for Research on Cancer (IARC) has classified alcohol consumption as carcinogenic to humans, citing sufficient evidence that it causes cancers of the oral cavity, pharynx, larynx, esophagus, colorectum, liver, and female breast (International Agency for Research on Cancer 2012). In addition to cancer, alcohol is causally associated with other chronic diseases and acute conditions (Rehm et al. 2010) . There is evidence of both detrimental and protective effects of alcohol consumption on hypertension and cardiovascular diseases (Shield et al. 2013) .
Guidelines have been developed in many countries to help individuals reduce their alcohol-related harm (Kalinowski and Humphreys 2016) . In Canada, two sets of guidelines are commonly promoted. The Low-Risk Alcohol Drinking Guidelines (LRADG), published by the Canadian Centre on Substance Abuse in 2011, state that to reduce long-term health risks, men should drink no more than 15 drinks per week, with no more than three drinks per day on most days, while women should drink no more than 10 drinks per week, with no more than two drinks per day on most days (Canadian Centre on Substance Abuse 2016). A cancer-specific set of guidelines, developed in 2007 by the World Cancer Research Fund (WCRF) and the American Institute for Cancer Research (AICR), state that if alcoholic beverages are consumed, consumption should be limited to no more than two drinks per day for men and one drink per day for women, which translates to 14 drinks per week for men and seven for women (World Cancer Research Fund/American Institute for Cancer Research 2007) .
The WCRF/AICR guidelines have been adopted, with somewhat different wording, by several cancer-related organizations in Canada, including Cancer Care Ontario and the Canadian Cancer Society (Cancer Care Ontario 2014; Canadian Cancer Society 2016) . While the alcohol amounts specified in the WCRF/AICR guidelines are lower than those in the LRADG, the WCRF/AICR acknowledges that there is no Bsafe limit^of alcohol consumption to prevent increased cancer risk (World Cancer Research Fund/American Institute for Cancer Research 2007) . Both sets of guidelines consider multiple harms and potential benefits, but the weighting of each is different.
Recent studies conducted in Canada and other countries have estimated the cancer incidence attributable to alcohol consumption (Grundy et al. 2016; Parkin 2011; Pandeya et al. 2015; Schutze et al. 2011; Praud et al. 2016) . These studies provide estimates of the alcohol-attributable burden of cancer that could be prevented assuming exposure to alcohol in the population was reduced to zero. However, total abstinence from alcohol at the population level is likely not feasible. Therefore, we sought to calculate a more realistic estimate of the number of cancers that could potentially be prevented by estimating the alcohol-attributable burden of cancer under the assumption that alcohol consumption was reduced to levels recommended by the drinking guidelines promoted in Canada. Additionally, we sought to compare the potential impact of adhering to the LRADG with the WCRF/AICR guidelines because both are commonly promoted in Canada.
The first objective of this study is to estimate the proportion and number of cancers diagnosed in Ontario in 2012 attributable to alcohol consumption. The second objective is to compare the potential impact of drinking within the LRADG and the WCRF/AICR guidelines on the alcohol-attributable cancer burden in Ontario.
Methods

Exposure prevalence estimates
We estimated alcohol consumption prevalence in Ontario using cycle 1.1 (2000/2001) of the Canadian Community Health Survey (CCHS) by applying methods that we developed previously (Cancer Care Ontario 2014; Cancer Care Ontario 2016) . A methodological overview of the CCHS has been described elsewhere (Beland 2002) . We derived 15 consumption categories based on the following questions: We estimated the proportion of the population within each consumption category by sex and age group (Table 1) . The age groups used (19-29, 30-44, 45-64, and 65+) were consistent with the sampling strategy of the CCHS.
For each sex, age group, and consumption category combination, we estimated the quantity of alcohol consumed by assigning each category combination a specific number of drinks per day using methods that we developed previously (Table 2 ) and multiplying this by 13.6 g, the amount of alcohol in one standard drink in Canada (Cancer Care Ontario 2014; Cancer Care Ontario 2016) . Briefly, we assigned consumption categories 1 through 5 the median number of drinks per day consumed in each category, categories 6 through 12 the quantity consumed by similar respondents who reported drinking during the past week, and categories 13 and 14 a quantity based on their estimated level of consumption before the past year. We multiplied the number of drinks by 13.6 to obtain the quantity of alcohol consumed in grams per day.
Relative risk estimates
We examined six cancer types for which there was either sufficient evidence of an association between alcohol consumption and increased cancer risk according to the IARC or convincing evidence of an association according to the WCRF: oral cavity and pharynx (ICD-O-3 site codes C00-C14), esophagus (squamous cell carcinoma; C15, histology codes 8050-8078, 8083-8084), colon and rectum (C18-C19 and C26.0), liver (C22), larynx (C32), and female breast (C50). Relative risk estimates were obtained from a recent meta-analysis by Bagnardi and colleagues (Bagnardi et al. 2015) . The increase in risk per gram of alcohol intake per day was 0.0273 for cancer of the oral cavity and pharynx, 0.0267 for squamous cell carcinoma of the esophagus, 0.0061 for cancer of the colon and rectum, 0.0121 for cancer of the liver, 0.0162 for cancer of the larynx, and 0.0079 for cancer of the female breast.
Cancer incidence attributable to alcohol consumption
We calculated the population-attributable fraction (PAF) for each cancer type, sex, and age group combination using 10.1 (8.6-11.6) 9.7 (8.3-11.2) 14. 8 (12.9-16.6) methods described by Parkin (2011) . We used the following formula:
where p x is the proportion of the population in consumption category x and ERR x is the excess relative risk (RR x − 1) in consumption category x. We calculated the ERR for each consumption category x using the following formula:
where R g is the increase in risk per gram of alcohol intake and G x is the quantity of alcohol consumed in grams per day in consumption category x. To estimate 95% confidence intervals (CIs) around the PAF estimates, we used Monte Carlo simulation in @RISK (@RISK: Risk Analysis Add-In for Microsoft Excel, Professional Edition, version 7.0.0, Palisade Corporation, 2015). We defined the input parameters by their reported point estimates and CIs, using a lognormal distribution to define the relative risk estimates and a normal distribution to define the exposure prevalence estimates. We set the number of iterations to 10,000 and used the 2.5th and 97.5th percentiles of the output PAF distribution as the lower and upper limits of the 95% CI.
The PAFs were applied to incident cancer cases diagnosed in 2012, the most recent data available at the time of analysis, that were extracted from the Ontario Cancer Registry. The OCR is a population-based registry containing information on all new invasive cancer cases diagnosed in the province, except for squamous and basal cell carcinoma. By using the 2000/2001 CCHS and by applying PAFs based on these data to cancer cases diagnosed in 2012, we assumed a latency period of 12 years. This was done because the 2000/2001 CCHS contained the earliest data on alcohol consumption in the Ontario population that were available to us. Also, it is known that there is a latency period between the time of alcohol exposure and the time of cancer diagnosis, but the duration of that latency period is not well established. It is also likely that the latency period varies by cancer type due to differences in the process of carcinogenesis (Boffetta and Hashibe 2006) . Cancer incidence data were extracted for age groups 31-41, 42-56, 57-76, and 77+. For each cancer type, the number of alcoholattributable cancer cases was calculated by sex and age group by multiplying the total number of cases diagnosed in 2012 by the PAF for the corresponding sex and age group (e.g., exposure prevalence data for the 19-29 age group was applied to cancer incidence data for the 31-41 age group).
Potential impact of drinking within the LRADG or WCRF/AICR guidelines
The primary analysis assumes that alcohol consumption at the population level is reduced to zero (i.e., alcohol is completely eliminated). Because this is likely not feasible, we estimated the alcohol-attributable cancer incidence assuming two different scenarios, assuming consumption had not exceeded the levels recommended by (1) the LRADG and (2) the WCRF/AICR guidelines. We modeled each scenario separately by assuming that any CCHS respondents who reported consuming more alcohol than recommended by the daily and weekly limits during the past week instead consumed the recommended maximum amount. Prior to estimating exposure prevalence, we made the following assumptions:
1. LRADG: We assumed that any male respondent who reported consuming more than three drinks on any day during the past week instead consumed three drinks on that day. If, after this assumption was made, the respondent reported consuming more than 15 drinks during the past week, we assumed that he consumed 15 drinks. We assumed that any female respondent who reported consuming more than two drinks on any day during the past week instead consumed two drinks on that day. If, after this assumption was made, the respondent reported consuming more than 10 drinks during the past week, we assumed that she consumed 10 drinks. 2. WCRF/AICR guidelines: We assumed that any male respondent who reported consuming more than two drinks on any day during the past week instead consumed two drinks on that day. We assumed that any female respondent who reported consuming more than one drink on any day during the past week instead consumed one drink on that day.
Under each alternative exposure scenario, we estimated the number of cancer cases attributable to alcohol consumption and calculated the potential impact fraction (PIF) based on methods described by Pandeya and colleagues (Pandeya et al. 2015) . The PIF is equivalent to the proportional difference between the observed number of cancer cases and the expected number under the alternative exposure scenarios, which we calculated using the following formula: 
Results
In 2000-2001, most Ontario adults aged 19 years and older reported consuming alcohol in the past year (84% of males and 75% of females). More males than females reported drinking at higher levels of consumption across all age groups; the highest prevalence of drinking at the heaviest level of consumption (an average of ≥ 4 drinks/day) was observed among males aged 19-29 years (Table 1) .
The estimated numbers and proportions of cancer cases attributable to alcohol consumption by sex and cancer type are shown in (Table 4 and Fig. 1 ). Assuming an even more conservative scenario where no Ontario adults had exceeded the WCRF/AICR guidelines, an estimated 813 (690-935) cancer cases would have been attributable to alcohol consumption (591 [498-682] in males and 222 in females); this represents an estimated 482 fewer cancer cases diagnosed in 2012. Adopting the more conservative WCRF/AICR guidelines is therefore estimated to have a larger impact on the alcohol-related cancer burden in Ontario (PIF 2.1%) than the LRADG guidelines (PIF 1.4%). Assuming alcohol consumption had not exceeded the levels specified in the LRADG and the WCRF/AICR guidelines, the greatest reduction in the alcohol-attributable proportion of cancer cases and in the absolute number of attributable cases is observed for cancer of the oral cavity and pharynx. Our estimated proportion of cancer cases attributable to alcohol consumption is consistent with recent studies. Grundy and colleagues (Grundy et al. 2016 ) estimated that 1.6% of cancer cases in Alberta were attributable to alcohol consumption. Parkin (2011) estimated that 4.0% of all cancers in the UK were alcohol-attributable, while Pandeya and colleagues (Pandeya et al. 2015) estimated that 2.8% of all cancers diagnosed in Australian adults could be attributed to alcohol consumption. The higher proportions of alcoholattributable cases reflect the higher levels of alcohol consumption in these countries compared with Ontario. A study of six European countries (Denmark, Germany, Greece, Italy, Spain, and the UK) (Schutze et al. 2011 ) estimated that 10% of cancers in men and 3% of cancers in women were attributable to alcohol consumption, while another study (Praud et al. 2016 ) estimated that 5.5% of cancers worldwide were alcohol-attributable. The difference between these estimates and our 25.5-32.6) 375 (330-423) 20.7 (18.3-23.0) 268 (237-298) 19.0 (16.9-21.2) 246 (219-274) estimates for Ontario may be related to the methods used to estimate alcohol-attributable cancer incidence (e.g., these studies used a triangulation algorithm combining survey data and per-capita consumption data to model alcohol consumption) as well as higher levels of alcohol consumption. Pandeya and colleagues (Pandeya et al. 2015 ) also estimated the potential impact of reducing alcohol consumption within two different guidelines and found that adopting stricter guidelines had a greater impact on reducing the number of alcoholattributable cancer cases. We made several assumptions in our analysis. We made a conservative assumption when estimating the impact of drinking within the LRADG or WCRF/AICR guidelines by assuming everyone who exceeded the guidelines met them instead of reducing their consumption to levels further below the recommended limits. We assumed that former drinkers have the same magnitude of increased cancer risk as current drinkers consuming similar amounts of alcohol, but applied a more conservative estimate of the amount of alcohol consumed. For former drinkers who used to regularly drink more than 12 drinks per week, we assigned the minimum number of drinks that were regularly consumed by these drinkers previously in their lifetime (i.e., 12 drinks per week). For former drinkers who did not regularly drink more than 12 drinks per week, we assigned the same quantity as was assigned to the category with the lowest consumption.
A known limitation of self-reported data from population surveys such as the CCHS is the underestimation of alcohol consumption (Shield and Rehm 2012) . Therefore, our results likely underestimate the cancer incidence attributable to alcohol consumption. Previous studies have attempted to address this limitation by adjusting for undercoverage in survey data using sales data (Cancer Care Ontario 2014) . This adjustment, however, assumes that drinkers of all ages, sexes, and drinking level underestimate their alcohol consumption to the same extent, which is not supported by evidence from recent studies (Stockwell et al. 2014; Stockwell et al. 2016) . This evidence also suggests that underreporting is likely to vary by population and survey. Because we were unable to precisely account for variation in underreporting across different subgroups within the population, it was not appropriate to apply the same methods used by previous studies to adjust for underreporting.
Another limitation is that we assumed that a latency period of 12 years between alcohol exposure and cancer diagnosis was appropriate because the 2000/2001 CCHS was the earliest data source with detailed information on alcohol consumption that we had access to. If we had used a different latency period where alcohol consumption levels were higher or lower than in 2000/2001, our PAF estimates would have been underestimates or overestimates in comparison, respectively. However, alcohol consumption patterns in Ontario have changed slowly over time (Cancer Care Ontario 2014) , so it could be hypothesized that using a shorter latency period would not impact the estimated alcohol-attributable cancer incidence greatly. Future research could explore the impact of a longer latency period as more years of cancer incidence data become available.
A further limitation was that some of the sex, age, and consumption category subgroups were based on small sample sizes and the exposure prevalence estimates for these subgroups have high variability. However, we attempted to incorporate the variability and uncertainty in the exposure prevalence estimates when calculating 95% CIs for our PAF estimates. Additionally, we may have underestimated the alcoholattributable cancer burden because we did not include cancer types for which there is emerging evidence of an association between alcohol consumption and increased cancer risk. We did not consider the synergistic interaction between alcohol consumption and tobacco smoking, whereby a multiplicative increase in risk is observed for head and neck cancers and esophageal squamous cell carcinoma (International Agency for Research on Cancer 2012; Hashibe et al. 2009 ), because reliable relative risk estimates for these interactions have not been established. Finally, we only considered cancer in our analysis; future research could focus on other alcohol-related outcomes.
In conclusion, we estimate that over 1000 cancer cases diagnosed in Ontario in 2012 are attributable to alcohol consumption. While completely eliminating alcohol consumption in the population is likely not feasible, our estimates suggest that over 300 cancer cases could potentially be prevented if consumption had been reduced to the levels recommended by the LRADG. If consumption had not exceeded the more conservative WCRF/AICR guidelines, it is estimated that nearly 500 cancer cases could have been prevented. Strategies to limit alcohol consumption to the levels recommended by drinking guidelines, and preferably to the WCRF/AICR guidelines, could potentially reduce the cancer burden in Ontario. 
